, lower panels). Moreover, if the cells were briefly permeabilized with digitonin prior to fixation, so as to remove excess cytoplasmic NuMA, the remaining tagged NuMA showed substantial colocalization with ␣-tubulin staining. The MT bundling and aster . We used a series of truncation mutants to map tion in LGN expression causes profound disruption of this domain more precisely, and we found that residues bipolar spindles and consequently leads to chromo-1878-1910 are essential for the interaction with LGN some missegregation and cell death. We have proposed (Figures 2A and 2B) . Interestingly, NuMA(1818-1900) did that these effects of LGN are mediated by NuMA, a large not bind LGN, suggesting that the amino acid residues nuclear protein that is required in vertebrates for spindle between 1900 and 1910 are critical for this interaction. pole organization. LGN binds to and inhibits the function These residues are also essential for the MT-stabilizing of NuMA, but the mechanism of this regulation has not function of NuMA ( Figure 1D ). Therefore, these two doyet been understood. mains overlap (see the schematic in Figure 2B ). 
Results and Discussion

NuMA Possesses Overlapping Binding Sites for LGN and MTs The mammalian Pins homolog, LGN, plays a key role in
We have reported previously that the binding site on spindle pole organization during mitosis of vertebrate NuMA for LGN lies between residues 1818 and 1930 cells [10] . Either the overexpression of LGN or a reduc- [10] . We used a series of truncation mutants to map tion in LGN expression causes profound disruption of this domain more precisely, and we found that residues bipolar spindles and consequently leads to chromo-1878-1910 are essential for the interaction with LGN some missegregation and cell death. We have proposed (Figures 2A and 2B ). Interestingly, NuMA(1818-1900) did that these effects of LGN are mediated by NuMA, a large not bind LGN, suggesting that the amino acid residues nuclear protein that is required in vertebrates for spindle between 1900 and 1910 are critical for this interaction. pole organization. LGN binds to and inhibits the function These residues are also essential for the MT-stabilizing of NuMA, but the mechanism of this regulation has not function of NuMA ( Figure 1D ). Therefore, these two doyet been understood. mains overlap (see the schematic in Figure 2B ). sedimented by ultracentrifugation and were assayed for (Figure 3B ). Those NuMA fragments that we had found to stabilize MTs when transto a nuclear localization signal (NLS; residues 1971-1991; see Figure 2B ). In studies on the role of the Ran fected into cells also efficiently generated MTs in the MT formation assay. NuMA(1910-1971), which did not GTPase in mitotic spindle formation, it has been proposed that the association of nuclear transport factors stabilize MTs, was also inactive in this assay ( Figures  3B-3D) . Therefore, the effect of NuMA on MTs is direct importin-␣ and -␤ with NuMA can inhibit the ability of NuMA to focus MTs into asters, and that RanGTP reand does not require additional cofactors. Moreover, when the N terminus of LGN was added to the reaction lieves this effect by binding to importin-␤ and triggering its release [12, 13] . However, we found that aster abuntogether with GST-NuMA(1878-2001) fusion protein, MT formation was blocked, but LGN did not inhibit MT fordance was similar for both of the GST-NuMA fragments tested (7-10 asters/field), even though the larger one mation induced by glycerol or by GST-NuMA(1900-1971) ( Figure 3D) . Therefore, the inhibitory effect of LGN contains the NLS and the other does not. This result is inconsistent with the proposed mechanism for Ranon NuMA is also direct and does not require additional cofactors.
We next tested whether LGN could inhibit the effect
induced aster formation in egg extracts, by which im- The interaction of NuMA with LGN and MTs is therefore mutually exclusive. We have measured the equilibrium stable MTs will produce asters in Xenopus egg extract that contains functional NuMA and other cofactors that dissociation constant of the LGN/NuMA complex to be ‫52ف‬ nM (data not shown), which is about 10-fold higher provide MT-focusing activity. To validate this model, we asked if an unrelated MT-associated protein would affinity than that of NuMA for MTs [11] . We have also estimated the abundance of LGN in the cell to be about induce asters in egg extracts, and, as shown in Figure  4 (bottom right panel) , a low concentration (1 M) of Tau 2-fold higher than that of NuMA (which is ‫2ف‬ ϫ 10 
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